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TO THE PARTICIPANTS: 
The Geological Science Field Trip program is designed to acquaint 
Illinois residents with the landscape, the rock and mineral resources, and 
the geological processes that have led to their origin. With this program, 
we hope to stimulate a general interest in the geology of Illinois ·and a 
greater appreciation of the state's vast mineral resources and their impor-
tance to the over-all economy. 
We encourage you to ask the tour leaders any questions that may 
occur to you during the trip. Discussion often clarifies points that 
otherwise would remain confused to many of the participants. We also invite 
your written comments upon the conduct of the trips so that we might improve 
them as much as possible. 
Additional copies of this guide leaflet, as well as itineraries 
for field trips that have been held in the past, may be obtained free of 
charge by writing to the Illinois State Geological Survey. The itinerary 
maps for each field trip can be purchased for 10 cents each. 
Several of the stops along this itinerary are located on private 
property whose owners have graciously given us permission to visit their 
lands. Please obey the instructions of your trip leaders and conduct 
yourselves in a manner that will show respect for the property owners' 
cooperation. Please do not litter, or climb on fences, and leave all gates 
as found, so that we may be welcome to return on future field trips. These 
simple rules of courtesy also apply to public property as w.ell. For the 
convenience of those persons who may use this itinerary at some future 
time, the names and addresses of every private property owner are listed 
for the respective stops on a page at the back of this guide leaflet. 
Whenever possible, always attempt to obtain permission when visiting 
private property. 
We hope that you enjoy today's field trip and will attend others 
in the future. 
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INTRODUCTION 
The Mt. Carroll area is situated near the bluffs of the Mississippi 
Valley at the western edge of the Rock River Hill Country, a region of highly 
undulating, glaciated uplands that includes some of the most scenic terrain in 
Illinois (see attached map of Physiographic Divisions of Illinois). The field 
trip area was covered by the Illinoian glacier between 250,000 and 200,000 years 
ago during the latter part of the Pleistocene Epoch or "Great Ice Age." It is 
bounded on the northwest by the southern edge oi the "Driftless Area," a large area 
in extreme northwestern Illinois and southwestern Wisconsin that appears to have 
been bypassed by the Pleistocene glaciers {see itinerary map). The Driftless Area 
has some of the most rugged topography in Illinois. Only thin loess overlies the 
deeply dissected bedrock surface. Topography in the adjacent glaciated areas is 
more subdued. In the field trip area thin Illinoian glacial deposits barely mask 
the irregularities formed by pre-Illinoian erosion of the bedrock surface. Drain-
age of the area is accomplished by a complex network of streams that flow south-
westward to the Mississippi River and southward to the Rock River. Major tribu-
taries to the Mississippi include Johnson Creek, Carroll Creek and Plum River. 
Geologically, the Mt. Carroll area is situated north of the Illinois 
Basin at the southern margin of the Wisconsin Dome, a broad uplift centered in 
north-central Wisconsin (fig. 1). Bedrock consists of about 2300 feet of lower 
Paleozoic limestone, dolomite, sandstone, and shale ranging in age from Croixan 
(late Cambrian) to Niagaran (middle Silurian) {fig. 2). These marine sedimentary 
rocks were laid down layer by layer in the ancient seas that covered Illinois and 
the midcontinent region much of the time during the early part of the Paleozoic 
Era about 550 to 400 million years ago. Only the upper 600 feet of these strata 
are exposed in the field trip area. These consist mainly of dolomite formations 
of Champlainian (middle Ordovician) and Alexandrian and Niagaran {early and middle 
Silurian) ages. The Canadian (lower Ordovician) and Cambrian rocks are not exposed 
but are known from deep wells and from exposures farther north where they rise to 
Fig. 1 - Index map showinglocatwns 
of (1) the Wisconsin Dome, (2) the 
axis of the Savanna Anticline, and 
(3) the Illinois Basin. 
the surface toward the Wisconsin Dome. The base of 
the Cambrian strata rests upon an ancient basement 
of Precambrian granitic rocks that are more than 
one billion years old. Younger Paleozoic sedimentary 
strata of Devonian, Mississippian, and Pennsylvanian 
ages occur farther to the south (see attached Geologic 
Map of Illinois). Rocks of these ages were also 
probably deposited in the Mt. Carroll area, but they 
have been removed by erosion. Pennsylvanian rocks 
rest upon strata as old as Ordovician age in several 
localities in northern Illinois, indicating that 
considerable erosion occurred before the beginning 
of the Pennsylvanian Period. 
Regionally, the Paleozoic strata are 
tilted gently southwestward, away from the Wisconsin 
Dome. This regional tilt is abruptly interrupted 
in the Mt. Carroll area by the Savanna Anticline, a 
narrow, elongated arch of the bedrock strata that 
trends east-west across Carroll County into eastern 
Iowa (see itinerary map and fig. 1). The anticline, 
which has been truncated by erosion, brings the 
Champlainian (middle Ordovician) dolomite of the 
Galena Group to the bedrock surface along its axis. 
GROUP, 
STAGE 
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at bottom ~~ ~~ ~ ~(4~ Maquoketa -~-~- ~---~-~------~---------------------------------------~ 
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.... 
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/ '/I I 
§ 1/ I I 
.,.. Wise Lake / ; 1 
~ /// 
..-! '~/~/4 / . 
I H~:__/ Galena 7 ;: / ..... Dunleith / r / I 0 ~/~1 
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25 
75 
130 
phosphate nodules at base 
Dolomite, argillaceous 
Dolomite, pure massive; Receptaculites 
in upper half 
Dolomite, very cherty, abundant 
Receptaculites in zones; shaly, thin-bedded 
at bottom ~ ; : // I 
0 1/4/~/6 ------+---------------------------------------*-·---~OQ ~ Guttenberg '- 1 / 8 Dolomite, red shale beds ror-----------------~------------~---~,L~~~~~t---~-t~~~~~~~~~~-------------------~ 
'E .L .L Lt. j.C. 
'1"1 Platteville _L 1 75-110 Dolomite, limestone, argillaceous, cherty 
i~---------------t---------+~L-:::/A=-....!1+----+-----------------------------t & I .-Gl_e_n_w_o_o __ d _ ___ -r-...~ : ·-;;: 2-55 Sandstone, shale, dolomite 
Ancell 
St. Peter 50-300 Sandstone, pure, massive; shaly at bottom 
CANADIAN (LOWER ORDOVICIAl'i) 
AND CROIXAN (UPPER CAMBRIJ\.i'J) 1250 Limestone, dolomite, sandstone, shale 
STRATA (undifferentiated) 
I . . I 
~~-------------------------------------- ~~~~-------~------------------------------ ·- -------(/ / ' Granite ; other igneous and 
PRECAMBRIAN ~'1;(1 ~ metamorphic rocks 
Fig 2 - Generalized sequence of stra~a in the Mt. Carroll area. 
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100 Miles 
Fig. 3 - North-south cross-section through Illinois showing 
the Paleozoic strata in the Illinois Basin. 
North of the anticline, the 
strata are bowed down into a 
shallow syncline. Silurian 
strata occupy the central part 
of the syncline, the axis of 
which approximately parallels 
that ·of the Savanna Anticline. 
South of the anticline, the 
Paleozoic strata are tilted 
gently downward into the 
Illinois Basin, a large spoon-
shaped bedrock structure that 
occupies most of Illinois and 
adjacent parts of Indiana and 
Kentucky (figs. 1 and 3). In 
the deepest part of the basin, 
in southeastern Illinois, the 
Paleozoic strata thicken to 
more than 13,000 feet. 
Mineral commodities produced in the Mt. Carroll area include crushed 
stone and sand and gravel. These materials are used for various purposes in the 
building and construction industries. In 1968, Illinois produced 40.2 million tons 
of sand and gravel and 52.7 million tons of crushed stone. These commodities had 
a combined value of about $115 million. 
PLEISTOCENE HISTORY 
During the Pleistocene Epoch, commonly referred to as "The Great Ice Age," 
an extensive continental ice cap covered the northern hemisphere. The portion of 
the ice cap that covered northern North America has been named the Laurentide Ice 
Sheet. Beginning about one million years ago and ending only 5000 years ago, 
southward expansions of the ice sheet caused four major glacial invasions of Illinois 
and the Midwest. The ice that entered Illinois came 
from centers in central and eastern Canada (fig. 4). 
Each of the four major glacial advances were followed 
by long, warm interglacial intervals during which the 
glaciers melted completely away (see attached Pleisto-
cene Time Table). The last glacier, the Wisconsinan, 
melted from northeastern Illinois only about 10,000 
years ago. 
In order of occurrence, the glaciations of 
the Midwest have been named the Nebraskan (fig. 5), 
the Kansan (fig. 6), the Illinoian (fig. 7), and the 
Wisconsinan (fig. 8). The names are derived from the 
states where glacial deposits of these ages are best 
developed or were first described. Only the third 
(Illinoian) glacier covered the Mt. Carroll area, but 
the other glaciers passed nearby, and their influence 
is evident in the topography and loess deposits of the 
area. 
The glaciers transported vast amounts of 
rock and soil debris that was eroded from the land 
areas over which they moved. As the glaciers melted, 
Fig. ~ - Maximum extent of the 
Laurentide Ice Sheet. The Kee-
watin (K) and the Labradorean 
(L) centers are shown. 
• 
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Fig. 5- Maximum extent of Nebraskan glaciation (1,000,000 years ago). Driftless Area shown 
by stippled pattern. Arrow indicates direction of ice movement . 
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Fig. 6- Maximum extent of Kansan glaciation {700,000 years ago). 
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Fig. 7- Maximum extent or Illinoian glaciation (250,000 years ago). 
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Fig. 8 - Maximum extent of late Wisconsinan glaciation {22,000 years ago). 
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these materials, known as drift, were deposited. Within the areas that were 
covered by the ice there are extensive surficial deposits of ice-laid material 
called till. Areas that were covered by ice several times sometimes have more than 
one layer of till. 
Water-laid materials, known as outwash, consisting of clay, silt, sand 
and gravel, were also deposited by sediment-laden meltwaters flowing away from the 
ice fronts during both the advances and retreats of the glaciers. Near the glacial 
margins, where meltwater was not · confined to definite channels, the outwash was 
often deposited as thin blanket-like deposits called outwash plains. Where the 
meltwaters were confined to valleys, narrow channel deposits, known as valley trains, 
were deposited. River valleys, such as the Mississippi, Illinois, and Ohio Valleys, 
provided major channelways for the escaping meltwaters. These valleys were greatly 
widened and deepened in the bedrock during times of greatest flood. During times 
when the meltwater floods were waning, these valleys were partially filled with 
outwash far beyond the ice margins. In the Mississippi Valley near Savanna, the 
valley train is more than 300 feet thick. Many river valleys in areas covered by 
the ice were completely buried by glacial deposits. The meltwaters also cut new 
valleys and caused numerous changes in the drainage system, some permanent and 
some temporary. 
Deposits of wind-blown silt, called loess, which form the surface 
materials over extensive areas of Illinois, are also the result of glaciation. 
The silt was blown from floodplains of the valley trains. Most loess deposition 
occurred in the fall and winter seasons, when colder conditions caused meltwater 
floods to recede, exposing the surfaces of the valley trains and permitting them 
to dry out. During Pleistocene time, as now, the winds prevailed westerly, and 
as a result, the loess deposits are thickest on the east side of the source valleys. 
The loess thins rapidly away from the valleys. The valley train of the Mississippi 
Valley was the source of loess in the Mt. Carroll area, and along the bluffs the 
loess is as much as 35 feet thick. 
ITINERARY 
0.0 0.0 Assemble in front of Mt. Carroll High School on South Main Street. 
Proceed south. 
STOP. Intersection with Benton Street. Turn right and descend hill. 
0.2 0.2 STOP. Mill Street. Turn left (south). 
0.2 0.4 Bear right and proceed up hill. 
0.7 1.1 STOP. Intersection with Routes 52 and 64. Turn right (west). 
2.6 3.7 Ascend Center Hill. 
0.2 3.9 Exposure of Silurian dolomite on left. Stay in center lane. 
SLOW. Prepare to turn left. 
0.3 4.2 T-road from left. Turn left (south) onto gravel road. 
1.5 5.7 Enter village of Wacker. 
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Bear right at Y-intersection. 
0.1 5.8 STOP. Continue ahead (west) on gravel road. 
0.2 6.0 Y-intersection. Bear right and cross concrete bridge. 
0.6 6.6 T-road from right. Turn right (north). 
0.1 6.7 Small abandoned quarry in Silurian dolomite near the hilltop on left. 
0.2 6.9 Silurian dolomite forms the abrupt break in slope in the road. 
0.2 7.1 Stop 1. Small quarry in Alexandrian (lower Silurian) Edgewood 
Formation in hilltop on left side of road. Fossil collecting in 
shale of the Cincinnatian (upper Ordovician) Maquoketa Group 
(NW 1/4 NE 1/4 SE 1/4, Sec. 17, T. 24 N., R. 4 E.). 
This stop is the first of several that will be made to examine the 
bedrock of the Mt. Carroll area. The top of the quarry also affords an excellent 
view of the area's topography. 
This small abandoned quarry exposes about 12 feet of the Edgewood 
Dolomite above the Maquoketa Shale which forms the floor of the quarry. The 
Edgewood is the oldest of the Silurian rocks in Illinois. Younger Silurian 
formations are the Kankakee, Joliet, Waukesha, and Racine Dolomites. Altogether 
the Silurian strata total about 350 feet in thickness in the field trip area 
(fig. 2). 
The Edgewood exposed here consists of tan to orange-tan, finely crystal-
line, impure, shaly dolomite. It weathers into thin layers with slightly undulating 
bedding planes. The lower few feet include thin beds of greenish tan, dolomitic 
shale that look almost like the shale of the underlying Maquoketa. The Edgewood 
is quite fossiliferous, but the fossils are badly broken or consist of poorly 
preserved molds from which the original shell material has been dissolved away. 
The broken fossils indicate that the Silurian sea was shallow and the bottom 
wave-swept while these beds were being deposited. The shaly nature of the rock 
also indicates that the sea was quite muddy during the early part of the Silurian 
submergence. The muds were eroded by waves and currents from the underlying 
Maquoketa Shale. Of particular interest is a 10-inch bed of fairly pure dolomite, 
2.5 feet above the floor of the quarry. This bed contains abundant, well-preserved 
molds of the corallites of large and small solitary corals. In a few, the internal 
structure has also been preserved. Apparently, for a short time the Silurian sea 
had cleared, and environmental conditions were especially favorable for the 
growth of these corals. 
About five feet of the Maquoketa Shale is exposed along a gully at the 
quarry entrance. The Maquoketa consists of thin, light greenish gray shales 
interbedded with thin, light brown, shaly limestones. The limestone beds are 
richly fossiliferous with numerous well-preserved specimens of brachiopods, 
pelecypods, gastropods, and bryozoans. Most of these fossils are illustrated in 
the fossil plates at the back of the guide leaflet. Brachiopods are the most 
abundant fossils, and several common genera are Strophomena, Rafinesguina, 
Hebertella, Platystrophia, Lepidocvclus, Dinorthis, and Eoplectodonta. Among the 
bryozoans is the uniquely distinctive genus, Prasopora, commonly referred to as 
the "biscuit bryozoan" because of its form. They range from about the size of a 
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dime to 6 inches in diameter. The branching bryozoans, Constellaria and Hallopora, 
are also present. 
The Maquoketa Shale in northern Illinois consists predominantly of gray, 
brown, and green dolomitic shales, indicating that the late Ordovician sea was 
very muddy. The middle and upper parts of the shale contain some limestones that 
were deposited as the sea cleared somewhat. For the most part, the shales are 
quite barren of fossils, but many of the limestones are extremely fossiliferous. 
The evenly bedded, laminated shales suggest that conditions on tm sea floor were 
calm, but too muddy for most marine animals to survive. The limestones probably 
represent intervals of shallowing when conditions were less muddy, permitting a 
rich fauna of marine animals to develop. The uppermost limestone bed at this 
locality consists of a hash of broken shell fragments, which is evidence of a 
shallow, highly vigorous, wave-swept environment. 
The contact or boundary between the Maquoketa Shale and the Edgewood 
Dolomite is a major unconformity (erosion surface) that separates the Ordovician 
and Silurian Systems in the Midwest. This erosion surface is evidence that the 
sea withdrew from the midcontinent at the end of the Ordovician Period about 440 
million years ago and that for a time the region was a land area. A considerable 
thickness of the Maquoketa was stripped away during this erosion interval. Study 
has shown that as a result of this erosion, the Maquoketa varies in thickness 
from about 90 to 200 feet. This indicates that an undulating land surface with 
broad valleys as much as 100 feet deep had been formed on the Maquoketa Shale. 
At the same time, the Edgewood varies in thickness from a few feet to about 100 
feet, being thickest where the Maquoketa is thinnest and vice versa. During the 
transgression of the Silurian sea, the low areas were submerged first. As the 
water deepened, the low areas received more sediment than adjacent high areas. 
Eventually, the irregular erosion surface on the Maquoketa was leveled by deposi-
tion of the shaly Edgewood Dolomite. 
TOPOGRAPHY OF THE FIELD TRIP AREA 
The top of the quarry affords an excellent view of the topography for 
several miles in all directions. A glance reveals that the Mt. Carroll area is 
one of the more rugged and scenic areas in Illinois. This immediate locality is 
near the Illinoian drift border which lies barely a mile to the northwest (see 
itinerary map). This line represents the approximate northwest edge of the area 
covered by the vast Illinoian glacier that advanced into Illinois and the Midwest 
about 250,000 years ago. The glacier mo~ed southwestward--ac·r-os,s-the fi'l!ld -rrip 
area and just entered eastern Iowa (fig. 7). Northwest of the drift margin is 
the southern tip of the Illinois section of the Driftless Area, the large area ·,~ C~. 
over which the glaciers did not pass. 
The topography of the area is mainly the result of pre-Illinoian erosion 
of the bedrock surface. The most rugged topography is developed in the Driftless 
Area, northwest of Mt. Carroll, where only a thin cover of loess overlies the 
bedrock. Eastward from the drift margin, the topography in the glaciated area 
becomes more subdued because of a thickening layer of ice-laid drift. Deposits of 
till and outwash from a few feet to as much as 100 feet thick, as well as loess, 
are present. Hills are more rounded and valley slopes are more gentle, but even 
here the topography closely mirrors the irregularities of the bedrock surface. 
The nature of the bedrock also influences the topography. The sharpest 
ridges and valleys are eroded in Ordovician and Silurian dolomite formations which 
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are fairly resistant to erosion. The softer, more easily eroded Maquoketa Shale 
forms broader valleys, more rounded hills and gentler slopes. Here in the vicinity 
of Stop 1, knobs and ridges at the highest elevations are capped by isolated 
erosional remnants of Silurian dolomite. The underlying Maquoketa Shale forms 
concave slopes and gently undulating areas that slope down to a lower level at the 
top of the Ordovician (Galena) dolomite (note view to west). Along the crest of 
the Savanna Anticline, preglacial erosion has stripped away the younger strata 
and the bedrock surface is developed on the Galena Dolomite. North of the anti-
cline Silurian rocks form most of the bedrock surface within a broad synclinal area. 
The Mississippi Valley, which lies just 2 miles to the west, is the 
most imposing topographic feature in the field trip area. Throughout most of its 
course along the northwest corner of Illinois, the Mississippi River flows in a 
narrow, steep-walled gorge with bluffs 100 to 400 feet high eroded in the Silurian 
and Ordovician dolomite formations. From Savanna northward to the Wisconsin line 
and many miles beyond, the valley is barely more than a mile wide, except for a 
short stretch north of Savanna where the valley follows the outcrop belt of the 
easily eroded Maquoketa Shale. The valley also widens markedly below Savanna 
where Maquoketa Shale is also exposed on the south flank of the Savanna Anticline. 
The erosional histories of the Mt. Carroll area and the Mississippi Valley are 
described at the back of the guide leaflet. 
Leave Stop 1. Continue ahead (north). 
1.0 8.1 Turn left and enter frontage road. 
0.1 8.2 Turn right and STOP. Turn left (west) onto Route 64. 
SLOW. Prepare to turn right. 
0.3 8.5 Turn right (north) onto gravel road. 
0.2 8.7 The scenic topography directly ahead toward the north and northwest is 
typical of the Driftless Area. The view is across the valley of Plum 
River onto the Silurian upland beyond. 
The Driftless Area is an area of about 10,000 square miles in south-
western Wisconsin and northwestern Illinois that appears to have escaped the 
Pleistocene glaciations. The region was never completely surrounded by ice at 
any one time but during the four major glaciations, the ice touched all of its 
borders at one time or another (figs. 5, 6, 7, and 8). The Driftless Area is not 
significantly higher topographically than the areas bordering it, and considering 
the great thicknesses of the glaciers, perhaps thousands of feet, relief was not 
a major factor in preventing glaciation of the area. A possible explanation of 
why the glaciers did not cross the area is probably related to the directions of 
ice movement from the two dispersal centers in Canada, one in the Labrador 
Mountains of eastern Labrador and the other just west of Hudson Bay, and the 
geographic location of the Driftless Area south of the highlands on the Wisconsin 
Dome. The flow of ice was channeled through bedrock lowlands adjacent to the 
highlands in such a way that it did not cover the Driftless Area. The glaciers 
moved in southwesterly and southeasterly directions around the Driftless Area. 
They covered the Wisconsin highlands but were not able to push southward far 
enough to close the re-entrant between the eastern and western lobes of ice. 
Careful study of the Driftless Area in Illinois has revealed that 
erratics of igneous and metamorphic rocks are present on the upland near Galena 
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and near Hanover in Jo Daviess County. These erratics probably date from the 
Nebraskan glaciation and indicate that the glacier crossed the Mississippi River 
into Illinois. Coarse outwash gravels and glacial lake sediments of Nebraskan 
age have recently been found by Survey geologists on the bluffs 200 feet above 
the Mississippi Valley, 4 miles southeast of East Dubuque. These high level 
outwash deposits are evidence that the Mississippi Valley may not have been estab-
lished or deeply entrenched in northwestern Illinois before tre Nebraskan glaciation. 
The presence of Nebraskan erratics and outwash east of the river also suggests that 
all of the Driftless Area of Illinois may have been glaciated, but that erosion 
has removed the evidence. 
1.0 9.7 Enter Carroll Creek Valley. You are now in the Driftless Area. 
0.2 9.9 Abandoned quarry in Dunleith Formation of the Galena Dolomite Group 
on left. 
0.1 10.0 Y-intersection with road from left. Bear right and cross bridge over 
Carroll Creek. 
0.1 10.1 Y-intersection with road from left. Bear right. 
0.7 10.8 Sto2 2. Abandoned quarry in Galena Dolomite on the left (SW 1/4 NE 1/4 
NE 1/4, Sec. 4, T. 24 N., R. 4 E.). 
This small abandoned quarry exposes about 40 feet of the Dunleith 
Formation, one of four fo~ations into which the Galena Dolomite has been divided 
(fig. 2). The Dunleith is about 130 feet thick in the Mt. Carroll area. This 
exposure consists of thick·, even beds of light brownish gray, finely crystalline, 
sucrosic (sugary) dolomite. The dolomite is finely porous and vuggy with numerous 
fossil molds. Thin bands of irregular, light gray chert nodules occur along 
bedding planes. The abundant chert in the Dunleith is typical of the formation 
and distinguishes it from the overlying Wise Lake Formation, which otherwise is 
almost identical in color and physical properties. The Wise Lake forms the upper 
part of the steep bluffs of Carroll Creek just east of here. 
The Dunleith is very fossiliferous, but the fossils are poorly preserved, 
consisting mainly of the internal casts of shells. Gastropods (snails) are the 
most abundant fossils, but pelecypods and brachiopods can be collected. The rock 
was probably deposited as l~estone (Caco3) and at some later time altered to dolomite (CaC03·MgC03) by the addition of magnesium. This alteration or dolomiti-
zation of the rock was accompanied by recrystallization which produced the sugary 
texture and destroyed the fossils. 
The distinctive fossil, Receptaculites, is abundant in some beds. 
Because of its form, this interesting fossil is commonly referred to as the 
"sunflower coral," although it is definitely not a coral nor even a sponge as 
once thought. Presently it cannot be assigned to any known animal group. 
The Dunleith Formation is the oldest formation that can be seen at the 
surface in the Mt. Carroll area. It has been exposed by the entrenchment of 
Carroll Creek ·along the crest of the Savanna Anticline (see itinerary map). This 
stop is near the highest part of the anticline. 
An anticline is a fold in which the bedrock strata have been bent into 
an arch by forces acting within the earth 1 s crust. The rocks exposed along the 
axis or crest of an eroded anticline are older than those exposed on the sides or 
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Fig. 9- Diagrammatic cross-section or the Savanna Anticline in the . bluffs of the Mississippi 
Valley in the Savanna area. Vertical scale greatly exaggerated. Broken lines are proJections 
of formational contacts above the bedrock surface. 
limbs of the structure. A syncline is a downfold and is the opposite of an anti-
cline. Along the axis or center of an eroded syncline, the youngest strata are 
exposed. 
The east-west trending axis of the Savanna Anticline passes just north 
of Savanna and can be traced for about 25 miles into eastern Iowa. Its presence 
in the field trip area is shown by the outcrop patterns of the Ordovician and 
Silurian formations on the bedrock surface over the anticline and by the dipping 
(tilting) of the bedrock layers away from the axis (fig. 9). Toward the axis, 
progressively older formations rise to the bedrock surface. The anticline is 
as~etrical, the strata on the north limb dipping (tilted down) more steeply than 
the layers on the south limb. Dips as great as 5 to 10 degrees have been observed 
on the north limb, while dips of only 1 or 2 degrees occur on the south limb. 
North of Savanna, the fold is broken along its axis by a fault that is downthrown 
on the north side. A fault is a fracture in the strata along which there has been 
relative movement of the opposing sides. 
The crustal movements that produced the anticline occurred during post-
Silurian time, but the exact time of folding is not known. Major crustal movements 
that formed similar structures in northern Illinois are believed to have occurred 
at the close of the Mississippian Period about 310 million years ago and still 
later, at the close of the Pennsylvanian Period about 270 million years ago. These 
were also times when crustal forces were forming mountains along the eastern margin 
of North America. 
Leave Stop 2. Continue ahead (east). 
0.4 11.2 Concrete bridge over Carroll Creek. 
0.2 11.4 Stop 3. Discussion of Carroll Creek Valley (NW 1/4 SE 1/4 NW 1/4, 
Sec. 3, T. 24 N., R. 4 E.). 
The deep bedrock gorge of Carroll Creek across the· divide between Mt. 
Carroll and Plum River was cut as a result of the Illinoian glaciation (see itinerary 
map). The old bedrock valley, which was buried by outwash and till along most of 
its course, passes south of Mt. Carroll and then turns southwestward to the Missis-
sippi Valley near Thomson (fig. 10). Near the end of the Illinoian glaciation, 
/ 
/ 
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Fig. 10 - Pre-Illinoian bedrock valleys (stippled) of the Mississippi River and present major 
tributaries in the Savanna-Mt. Carroll area. A possible Illinoian meltwater spilhray (indicated 
by arrow) is shown. 
during the final melting of the ice, meltwater began to erode the present valley 
of Carroll Creek along the course of the old valley from its headwaters northeast 
of Lanark to a point about 2 miles east of Mt. Carroll. At that point the melt-
water turned northward, away from the course of the bedrock valley, and flowed 
across the preglacial divide toward Plum Valley. 
It is not clear why the meltwater stream did not continue southwesterly 
along the old valley. Perhaps the route across the divide, which is drift covered, 
simply was the lowest one to follow. The level of the drift plain over the valley 
south of Mt. Carroll may have been higher and thus deflected the meltwater north-
ward. This possibility is suggested by the fact that a ridge of drift extends 
from south of Mt. Carroll eastward past Ashdale Junction (see itinerary map}. 
This ridge now fonms the divide between Carroll Creek and the headwaters of 
Johnson Creek, which turns and flows southward along the lower part of the old 
bedrock valley. 
Another possibility is that, during melting of the glacier, a large mass 
of stagnant ice, standing over the bedrock valley south of Mt. Carroll, blocked 
the escape of meltwater to the southwest. The meltwater was forced to take the 
northerly course because of the ice dam and quickly cut through the glacial deposits 
overlying the bedrock divide. By the time the ice had melted, Carroll Creek had 
cut too low to return to its southerly course and began to cut its present valley 
into the bedrock. 
The cutting of the gorge proceeded rapidly during post-Illinoian time 
because the gradient over the divide to Plum Valley was steep. This fact is 
evidenced by the steep sides of the gorge along much of its length. In places, 
the gorge is barely wider than the stream, and vertical walls of dolomite rise 
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along both sides. Meanders that were formed while the meltwater stream flowed in 
the drift were incised in the bedrock. These are known as entrenched meanders. 
The gorge is a strikingly scenic feature of the Mt. Carroll area. In 
this locality, at Stop 3, the floodplain, which is about 500 feet wide, lies about 
150 feet below the upland level. The north wall of the valley is a 60 to 80 foot 
high face cut into the Dunleith and Wise Lake Formations. Upstream, the valley 
narrows rapidly and has no floodplain along most of its length. 
At Wacker, 4 miles southwest of Mt. Carroll, a shallow bedrock valley 
crosses the divide between Johnson Creek and Mississippi Valley. This channel 
was a temporary meltwater spillway while the Illinoian glacier occupied the valley 
to the east, probably during the initial advance of the ice. 
Leave Stop 3. Continue ahead. 
T-road from· right before bridge. Turn right (south) and ascend south 
wall of CaTroll Creek Valley. 
0.2 11.6 Loess exposure on right side of the road. A reddish, clayey residuum, 
probably the Sangamon Soil, occurs at the base of the loess on bedrock. 
Scattered quartzite, quartz, and chert pebbles occur along the bedrock surface. 
These represent erosional remnants of Illinoian drift. 
0.4 12.0 Glen Gary Farm on the right. 
0.2 12.2 T-road from left. Continue ahead (south). 
0.9 13.1 Entrance to quarry on right. Turn right and enter quarry of Rein, 
Schultz, and Dahl, Inc. 
Stop 4. Exposure of Cincinnatian (upper Ordovician) Maquoketa Shale 
and Champlainian (middle Ordovician) Galena Dolomite (E 1/2 SW 1/4, 
Sec. 10, T. 24 N., R. 4 E.). 
This quarry, which has been operated since 1957, exposes a thick section 
of the Galena Dolomite and the Maquoketa Shale. The rock being quarried includes 
25 feet of the Dubuque Formation at the top, consisting of even, thick beds of 
gray-brown, argillaceous dolomite, and about 35 feet of the Wise Lake Formation 
below, consisting of dolomite, also gray-brown, but more massive and pure. The 
entire thickness of rock is quarried at the same time. Both formations are chert-
free, a very desirable property for quarry stone, because chert is detrimental to 
most uses of crushed stone and results in excessive wear on crushing equipment. 
During the 13 years of its operation, the quarry has produced approximately 
1,200,000 tons of stone, or about 100,000 tons per year. Most of the stone is 
used in Illinois as roadstone, highway base, concrete aggregate, and bituminous 
(blacktop) aggregate. 
An unusually thick overburden is being removed to expose the dolomite 
surface. This overburden consists of 50 to 60 feet of Maquoketa Shale and 5 to 15 
feet of Pleistocene loess. Before drilling and shooting the stone, a wide bench 
of dolomite is cleaned off. After shooting, the rock falls to the quarry floor 
and then has to be hauled to the surface by heavy trucks. In the near future, 
the company plans to go underground. The underground thickness of rock quarried 
will be 100 feet. 
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The face cut into the overburden above the bench of dolomite is one of 
the best exposures of the lower part of the Maquoketa Shale in Illinois. As shale 
soon breaks down by weathering, most natural exposures are poor and grassed over. 
The Maquoketa consists mostly of light gray and greenish gray shale with thin 
even beds of light brownish gray siltstone. The lower 4 feet of the shale is dark 
brownish gray or dark gray (almost black), phosphatic and carbonaceous shale. 
This dark colored shale is very hard and slaty. At the bottom of the shale is a 
thin 2 to 6 inch layer of shaly, bluish gray phosphate rock composed of numerous 
small, pyritic and phosphatic fossils, consisting mostly of pelecypods, gastropods, 
and other molluscs, mixed with phosphatic clay and shiny black grains, pellets, 
and nodules of phosphorite. The phosphate rock is also partially cemented by 
pyrite. Phosphorite is calcium-fluoro-phosphate, a variety of the mineral apatite 
that is commonly found in small quantities in marine sedimentary rocks. The 
fossils originally consisted of calcium carbonate that was replaced by the pyrite 
and phosphorite. The phosphatic fossils are black, gray, and brownish gray. The 
pyrite weathers easily, so that the phosphate rock soon becomes rusty and loosely 
granular, making the phosphatic fossils easy to collect. A second bed of phosphate 
rock, 2 to 4 inches thick, exactly like the lower one and containing the same 
fauna, occurs about 3 feet higher. 
The lower bed of phosphate rock forms a crust-like layer on the top of 
the Dubuque Formation. This layer of phosphate rock is the famous "depauperate 
zone" that occurs widely at the base of the Maquoketa Shale throughout the Midwest. 
Most of the fossils of the depauperate fauna are very small, usually 1/4 inch in 
diamater or less. Because of the abundance of pyrite and carbonaceous material 
in the phosphatic sediments, many geologists formerly believed that the fossils 
had been dwarfed in a restricted marine environment of poorly circulating, oxygen-
deficient waters. However, study has shown that the depauperate fauna consists 
mostly of normal size individuals of species that never grew any larger. What is 
unusual is that so many small species of animals were living together in the same 
environment. Forty-four species have been identified in the depauperate fauna, 
although not in any one place. Among these are Ctenodonta, Vanuxemia (pelecypods), 
Trochonema, Cyclonema, and Hormotoma (gastropods), which are illustrated on the 
fossil plate. 
The top of the Dubuque Formation is an erosion surface known as a dis-
conformity. Prior to deposition of the Maquoketa Shale, the middle Ordovician 
sea had withdrawn and this region was a land area exposed to erosion. The phos-
phatic sediments were deposited on this erosion surface during the early part of 
the late Ordovician re-invasion by the sea. The type of environment in which the 
Maquoketa phosphates were deposited is not exactly known, but probably it was not 
a restricted environment. In modern seas, phosphatic sediments are forming in 
unrestricted, open ocean environments at intermediate depths (200 to 1000 feet) 
where bottom waters are freely circulating and well-oxygenated. These areas are 
usually platforms bordering deep basins from which cold, phosphate-rich waters 
upwell toward the surface. Over these relatively shallow platforms, the upwelling 
basin waters are warmed, resulting in supersaturation of the sea water with 
dissolved phosphate. This causes chemical precipitation of phosphorite, in the 
form of crusts or nodules, on the sea floor. The upwelling waters are also rich 
in other dissolved nutrients, and these support the growth of large populations 
of microscopic planktonic plants and animals in the surface waters. The plankton 
extract phosphate from the sea water during their life processes. When they die, 
their remains settle to the bottom, adding additional phosphate and organic 
carbon to the bottom sediments. Phosphate from the water also replaces calcium 
carbonate in the shells of benthonic (bottom dwelling) and planktonic animals 
that accumulate with the phosphatic sediments. 
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Almost no land-derived sediments (sand, silt, or clay) and no limestone 
are being deposited in present-day areas of phosphorite deposition. This non-
deposition of other sediment types is a very important factor in the formation 
of concentrations of phosphorite. Phosphorite accumulates so slowly that the 
deposition of large quantities of other sediments would dilute the phosphorite 
and prevent its concentration. Phosphorite nodules would not form if they did 
not remain in contact with the sea water for a very long time. For example, on 
parts of the sea floor off the coast of southern California, phosphorite nodules 
similar to those at the base of the Maquoketa Shale are growing at the rate of 
only a few millimeters per thousand years. 
Perhaps an environment similar to the modern phosphate environments 
existed during late Ordovician time when the phosphatic nodules and shales of the 
Maquoketa were deposited. At the beginning of the late Ordovician submergence, 
very little mud was carried into the sea from the land while the dark phosphatic 
shale was being deposited. Sedimentation was especially slow during the growth 
of the phosphorite nodules and deposition of the phosphate rock. The concentration 
of phosphate ended when large amounts of mud and silt were washed into the sea from 
the land, and the overlying non-phosphatic light gray shales and siltstones were 
deposited. These sediments are almost barren of fossils because most bottom 
dwelling animals could not tolerate the muddy conditions. . 
Leave Stop 4. Turn left at quarry entrance and return north. 
0.9 14.0 T-road from right. Turn right {east) onto gravel road. 
2.0 16.0 Enter Mt. Carroll. Descend hill on blacktop. SLOW. 
0.2 16.2 Intersection with Mill Street. Turn left (north). 
0.2 16.4 Turn left into Point Rock Park. 
Stop 5. Lunch. 
Point Rock consists of Galena Dolomite. At this locality, the gorge of 
Carroll Creek widens as the creek swings north of town in a large meander and 
tributaries join Carroll Creek from the north and south. Westward from Point Rock, 
the gorge is very narrow. 
Leave Lunch Stop. Return to park entrance. 
Turn right (south} on Mill Street. 
Continue south on Mill Street to Route 64. 
1.1 17.5 STOP. Intersection with Routes 52 and 64. Cross highway and continue 
ahead (south) on gravel road. CAUTION. 
0.4 17.9 Unguarded railroad crossing. CAUTION. Two tracks. 
0.8 18.7 Turn right into gravel pit. 
Stop 6. Operating gravel pit of Rein, Schultz, and Dahl, Inc. (N 1/2 
NE 1/4 NW 1/4, Sec. 24, T. 24 N., R. 4 E.). 
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The quarry is being operated in Illinoian outwash. The exposure provides 
an excellent opportunity to examine some of the glacial deposits of the Mt. Carroll 
area. The exposure changes as the mining operation proceeds, but an approximate 
description of the glacial deposits that are present is given below. 
WISCONSINAN 
Woodfordian 
Peoria Loess - loess, tan-brown, massive, leached; 
surface soil in top; lower 1/2 foot is lighter 
than loess above • 
Farmdalian 
Farmdale Silt - silt, lavender brown, leached, 
compact, clayey, carbonaceous streaks; forms a 
distinctly wet zone on exposure 
Altonian 
Roxana Silt - silt, pinkish tan, sandy, fine 
blocky atructure • 
ILLINOIAN 
Sand and gravel, leached, clayey, brown and reddish; 
rotted dolomite cobbles in lower part; (Sangamon 
Thickness 
(feet) 
5 - 6 
0.5 
2.5 
Soil). 5 .o 
Sand and gravel, calcareous, very coarse, stratified; 
gravel composed mostly of dolomite fragments • 20.0+ 
oJ 
The Illinoian gla~ier was the only one of the Pleistocene glaciers to 
advance across the Mt. Carroll area. However, during the Wisconsinan glaciation, 
loess was deposited far beyond the areas actually covered by the glacier. The 
Roxana Silt, the Farmdale Silt, and the Peoria Loess are Wisconsinan loess deposits 
that record events of the Wisconsinan glaciation. The loess deposits, consisting 
principally of very fine powdery silt, were laid down by the wind. The silt was 
eroded from outwash in the Mississippi Valley. On the uplands in the field trip 
area away from the Mississippi Valley, the loess deposits range in thickness from 
about 5 to 15 feet. 
There were two major advances of the Wisconsinan glacier into the Midwest. 
The first advance, known as the Altonian, entered Illinois from the east, extending 
as far as Freeport and Dixon in northwestern Illinois about 50,000 years ago. The 
Roxana Silt, the lower loess in this exposure, was deposited during the advance 
and retreat of the Altonian glacier while meltwater from the ice front in Minnesota 
and Wisconsin was building a valley train in the Mississippi Valley. Wherever it 
is found, the Roxana has a characteristic pinkish color. The Roxana is usually 
less than 5 feet thick in the Mt. Carroll area. 
At the end of the Altonian glaciation, which lasted from 70,000 to 
28,000 years ago, the Midwest remained ice-free for about 6000 years (28,000 to 
22,000 years ago). During this time, the Farmdale Silt was deposited. The 
Farmdale Silt is known primarily from central and north-central Illinois, where 
it includes loess, water-laid silt, and peat. The age of the Farmdale Silt has 
been determined by radiocarbon dating of the peat. Weathering occurred during 
the Farmdalian interval, but soil did not form in the glacial deposits of the 
region because the climate was too cool. The cool climate favored the accumulation 
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and preservation of peaty materials derived from plants that were living at that 
time. In the Mt. Carroll area, the Farmdale is from 0 to 3 feet thick and consists 
of loess with smutty streaks of peaty material. During Farmdalian time only small 
amounts of silt were blown from the Mississippi floodplain. 
The Peoria Loess above the Farmdale Silt was deposited during the advance 
and retreat of the Woodfordian glacier, the second major advance of the Wisconsinan 
glacier into Illinois. The ice passed south of Carroll County and extended westward 
as far as eastern Rock Island County (fig. 8). The Woodfordian glaciation lasted 
from 22,000 to 10,000 years ago. During the Woodfordian glaciation, great amounts 
of meltwater flowed down the Mississippi Valley and deposited another thick valley 
train of outwash. The Peoria Loess is typically tan in color and is from a few 
feet to as much as 10 feet thick on the uplands of the Mt. Carroll area. In the 
bluffs of the Mississippi, the Peoria is up to 30 feet thick. 
The Illinoian sand and gravel exposed in this gravel pit is the upper 
part of the valley train that fills the old bedrock valley of Carroll Creek. In 
places, the valle train is more than 50 feet thick. It was deposited by meltwater 
that was channeled down the valley from the front of the advancing Illinoian glacier. 
The meltwater transported large amounts of rock debris that was released from the 
melting ice. The meltwater currents were swift as shown by the coarseness of the 
gravel, which contains boulders as large as 3 feet in diameter. Most of the finer 
rock debris, including the silt and clay, were washed downstream to the Mississippi 
Valley. 
The sand and gravel in this locality was probably deposited while the ice 
front was nearby. The gravel is stratified (layered) and the strata are steeply 
inclined, indicating that the current gradient was very steep. The steep beds, 
called foresets, may have been deposited by water pouring directly off the front 
of the glacier. The directions of current flow also changed abruptly and frequently 
as shown by the various angles at which different sets of strata are inclined. 
Evidence that the gravel was not transported very far is shown by the angularity 
of many rock fragments and the occurrence of pieces of till and shale. Till is an 
unconsolidated ice-laid material that would be easily destroyed during transport 
by running water. The shale fragments include large pieces of black phosphatic 
shale eroded locally from the Maquoketa. These would also be destroyed if trans-
ported more than a short distance. 
The gravel is composed mostly of fragments of brown dolomite eroded from 
the Ordovician and Silurian dolomite formations that are widely e~posed at the 
bedrock surface in the Mt. Carroll area and throughout northern Illinois. Abundant 
fragments of a great variety of Precambrian igneous and metamorphic rocks are also 
present. These rocks are not indigenous to Illinois but were carried here by the 
glacier from the Canadian shield in eastern Canada where they form the bedrock 
surface. In spite of the great distances these rocks have been transported, they 
make up the largest boulders because of their great hardness and resistance to 
abrasion. An excellent rock collection including many varieties can be made in a 
short time. Many of the rock fragments are faceted (flattened on one or more sides) 
and striated (scratched) as a result of grinding action during transport by the 
glacier. These rocks were held fast in the ice and were ground against other rocks 
or perhaps even against the frozen ground over which the glacier moved slowly forward. 
The upper five feet of the sand ·and gravel is deeply weathered, decomposed, 
and stained reddish brown by iron oxide. This weathered zone is the Sangamon Soil, 
an ancient soil that was formed during the warm interglacial interval that followed 
the Illinoian glaciation. This interval of weathering, called the Sangamonian, 
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lasted from ~,000 to 70,000 years ago. The Sangamon Soil is extensively developed 
in the Illinoian glacial deposits throughout Illinois and the Midwest. This ancient 
soil is an important stratigraphic marker that is used by geologists to distinguish 
the Illinoian drift from the younger Wisconsinan drift wherever deposits of both 
glaciations are present. Well-drained profiles of the Sangamon Soil are distinctly 
reddish in color. 
Leave Stop 6. Turn left and return (north) to Route 64. 
0.8 19.5 Railroad crossing. 
0.4 19.9 STOP. Intersection with Routes 52 and 64. Turn right (east). 
0.1 20.0 Intersection with old Route 64 from right. Turn right onto old highway, 
just before drive-in restaurant~ 
0.4 20.4 STOP. Intersection with Route 78. Turn right (south). 
Railroad underpass. 
0.3 20.7 Junction with Route 88. Bear left (east) on Route 88. 
1.3 22.0 Route 88 curves right. Continue straight ahead on old one-lane concrete 
road. 
0.9 22.9 End of pavement. Turn left (north) on gravel road at sign on rock 
pointing to Heisler Pit and Quarry. 
0.3 23.2 Unguarded railroad crossing. 
0.2 23.4 Y-intersection. Bear right downhill. 
Follow road to left. At bottom of hill, continue left past scale house. 
0.1 23.5 Stop 7. Operating gravel pit of Heisler Gravel Company (S 1/2 NW 1/4 
& SW 1/4 NE 1/4, Sec. 9, T. 24 N., R. E.). 
The sand and gravel being quarried here is on the north side of the pre-
glacial Carroll Creek Valley, about 3 miles upstream from the gravel pit at Stop 6. 
The gravel is evenly bedded and generally not as coarse as the gravel at Stop 6. 
Layers of gravel are interbedded with layers of cross-bedded gravelly sand. At the 
extreme east end of the pit, the lower part of the exposure consists of fine sand 
containing lenses of sandy silt. These deposits are illustrated in figure 11. 
The cross-bedding (inclined laminations) in the gravelly sands and in the 
coarser gravels indicate that the meltwater currents were swift-flowing at times 
but that most of the time, the currents were not as swift as those that deposited 
the gravels at Stop 6. The lenses of sandy silt indicate deposition in fairly quiet 
water. These silts were probably deposited in shallow, fairly quiet water along the 
sides of the main meltwater stream. The ice front also may not have been as close 
as when the gravels at Stop 6 were being deposited. This is indicated by the greater 
quantity of sand, and the even, almost horizontal beds. 
Above the outwashin this exposure are 8 to 12 feet of yellowish brown till 
with a pinkish cast. The till was deposited by the Ill noian glac er after it 
westtward and overrode the valley train deposits. The deposition of till 
\'TISCONSINAN 
Peoria Loess 
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Loess. massive, tan in upper 3 feet, grayish tan at base. leached 
-=--------:-:::::-:~ _.--parmdale Silt 
· -~ ~ ~ ~~· ~ Silt, finely gray and tan mottled. limonite-stained, dark gray carbon-
.- ;._-:- ..:.. -=- ~ceous streaks and specks 
.0 . 4 · 0 · ~oxana Silt 
. . · . Loess, light brot-mish gray, finely light gray mottled, pinkish cast, fine 
·~. o . ·~ blocky structure. scattered rounded and angular quartz and chert pebbles, 
· . ~ · few rotted igneous pebbles, light gray to almost white on outcrop face 
. • j.). \ ? . 0. . ILLINOIAN 
. 1 . , . Till, light brownish gray with slight pinkish cast, extremely variable 
· 
0 
6 , · 0 texture from silty and clayey to very sandy, numerous cobbles, irregular 
-~wer contact, leached throughout, Sargamon Soil 
Gravel and sand, scattered cobbles, grades upward to pebbly sand, cemented 
by Mn02 at top 
~~~~~~ -----===::====~s~ _ _gravel, sandy. tightly cemented by limonite 
·. ~-~~~ ~ay, reddish tan 
· - o · · Sand, pebbly, cross-bedded, upper part gravelly .~ .. ~"6~ 
.o. 0 · 0 
o. _o 0 
·o_ o. o · 
o~ · a .. 
0 • • 
o · o 0 Gravel, coarse, cobbly, sandy. evenly-bedded, deeply limonite-stained 
. 0 0 . 0 . 
. 0' 0 . 
. - o·o 0 
0 ,0 . 
· 
0 ··o·a · 
o · 0 · o' 
\ 
Fig. 11 - Composite section of Pleistocene deposits at Stop 7. 
completed the burial of pre-Illinoian Carroll Creek Valley. The till is very sandy 
and contains pods of san gravel. ecause o t e nearness of the ice margin, 
there was considerable washing of the till by melt~ater during its deposition. The 
till is pinkish and leached throughout its entire thickness because of weathering 
during the Sangamonian interval. The Sangamon Soil profile extends completely 
through the till and into the underlying gravel. 
Above the till are the Roxana Silt, Farmgale Silt, and Peoria Loess that were 
seen earlier at Stop 6. The Roxana is 3-5 feet thick in this locality and easily 
distinguished by its characteristic pinkish tan color. 
Till is an ice-laid material, deposited while the glacier was still moving. 
It was deposited by a kind of plastering action as rock debris was released by melt-
ing at the base of the glacier. Characterized by its massive unstratified structure 
and by its unsorted texture, till consists of a random mixture of clay, silt, sand, 
and gravel-sized rock debris. Like outwash, till contains a variety of rock . frag-
ments eroded from the areas over which the glacier moved. 
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Leave Stop 7. Continue ahead (northwest) on haulage road. 
WATCH FOR TRUCKS. Follow main road. 
0.5 24.0 Cross Carroll Creek. Enter quarry area. 
About 25 feet of the Dubuque Formation is being quarried. The dolomite 
forms the north wall of pre-Illinoian Carroll Creek Valley. At this point, the 
meltwater that cut the bedrock gorge of present-day Carroll Creek turned northward 
away from the bedrock valley to flow north of Mt. Carroll and westward across the 
divide to Plum Valley. Above the bedrock, at the top of the quarry, the Pleistocene 
deposits include 3.5 feet of pre-Illinoian dolomite residuum consisting of rotten 
fragments of dolomite in a reddish brown clay matrix, 2.5 feet of reddish brown 
Illinoian till with a Sangamon Soil profile, and 2.5 feet of Wisconsinan loess. 
This drift section is much thinner than the one in the bedrock valley. Little 
outwash was deposited on the upland adjacent to the valley. .The residuum is 
weathered dolomite rubble that may predate the Illinoian glaciation and may possibly 
contain a pr·e-Illinoian soil zone. The Illinoian till is thinner than usual because 
of post-Illinoian erosion before the deposition of the Wisconsinan loess. 
Continue ahead (north) past quarry. 
0.3 24.3 STOP. Intersection with Routes 52 and 64. Turn left (west). 
CAUTION. HIGH SPEED TRAFFIC. 
SLOW. Prepare to turn right. 
0.4 24.7 T-road from right. Turn right (north) onto gravel road. 
0.3 25.0 Cross creek. 
1.0 26.0 Crossroads. Turn right (east). 
0.7 26.7 T-road from left. Turn left (north). 
Note the gently undulating topography here on the Illinoian till plain. 
Although the Illinoian drift (glacial deposits) is thin, generally less than 50 
feet, the terrain is noticeably more subdued than that in the Driftless Area and 
near the Mississippi Valley. 
2.5 29.2 Crossroads. STOP. Continue straight ahead. 
0.3 29.5 Stop 8. Illinoian till exposed in roadcut on right (NW 1/4 SW 1/4 
NW 1/4, Sec. 26, T. 25 N., R. 5 E.). 
The Pleistocene sediments exposed here include the following units: 
WISCONSINAN 
Woodfordian 
Peoria Loess 
Loess, tan-brown, leached • 
Altonian 
Roxana Silt 
Loess, pinkish tan, leached, pebbly 
Thickness 
(feet) 
3.5 
0.5 
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ILLINOIAN 
Till, leached, blocky, firm, with reddish brown 
Sangamon Soil, abundant chert pebbles; iron 
and manganese oxide stains, blocky pebbles; 
some rotted igneous pebbles • · 5.0 
Till, yellowish tan, oxidized, calcareous, 
clayey, firm, plastic when wet, scattered 
dolomite cobbles, igneous rock fragments 5.5 
TOP OF SILURIAN BEDROCK 
About 11 feet of Illinoian till is exposed. The till exhibits the 
typical tough, compact, homogeneous properties of till better than the till at 
Stop 7. Of special interest is the presence of unleached calcareous till below 
a Sangamon Soil profile. It is much more cla ey and less permeable than the till 
at Stop 7, and as a result, it was not as deeply leached of car onate minerals 
during formation of the Sangamon Soil. 
The depth of leaching of the till can be determined by applying dilute 
acid (HCl) which causes the unleached till to bubble due to a reaction with 
carbonate minerals (calcite and dolomite). Carbon dioxide gas is given off. 
The acid test is useful when studying glacial deposits to determine the presence 
of buried soils and weathered zones. 
Leave Stop 8. Continue ahead (north). 
0.8 30.3 T-road from left. Continue ahead straight. 
0.2 30.5 Silurian bedrock exposed on both sides of road. 
0.3 30.8 Y-intersection. Turn left (northwest). Abandoned quarry on the right 
in Silurian Kankakee Dolomite. The quarry provides an excellent 
exposure of the very cherty Kankakee strata. 
0.8 31.6 The valley walls of this tributary to East Plum Creek have been eroded 
in Silurian dolomite. The Maquoketa Shale comprises the bedrock floor 
of the valley. The present relatively flat floodplain is underlain by several 
feet of alluvium of Recent Age. This valley and other tributaries in this vicinity 
frequently flood during spring thaws or during torrential rainstorms. 
0.5 32.1 Turn left and cross narrow bridge (5-ton limit) on farm lane. 
Stop 9. Exposure of Maquoketa Shale in creek bank. The exposure is 
downstream from the bridge (NE 1/4 SE 1/4 SW 1/4, Sec. 10, T. 25 N., 
R. 5 E.). 
This is an excellent place to collect fossils of the Maquoketa Shale. 
Approximately 6 feet of the upper part of the Maquoketa is exposed. · The exposure 
consists of alternating thin beds of greenish gray, silty dolomite, grayish brown, 
coarsely bioclastic dolomitic limestone, and greenish gray, laminated dolomitic 
shale. 
Most of the fossils present at Stop 1 are also present here. Especially 
interesting are specimens of Endoceras, a large straight-shelled nautiloid 
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cephalopcd. These are about 3 inches in diameter and several feet long. Specimens 
of this cephalopod, found at other localities, have measured up to 13 feet long! 
Please do not remove the specimens that are here. There are only a few. Leave 
them for others to see. 
Leave Stop 9. Return to main road. 
Turn right and return toward southeast. 
1.3 33.4 Y-intersection. Turn left (northeast). 
1.4 34.8 One-lane bridge and T-road from left. Continue straight ahead. 
0.5 35.3 Narrow one-lane bridge. Sharp left turn just beyond. 
Cross bridge and turn left. 
0.3 35.6 T-road intersection. STOP. Turn left (north) uphill. 
T-road from right. Turn right (east). 
1.1 36.7 Crossroads. Continue straight ahead. 
0.7 37.4 STOP. Intersection with Route 73. Turn right (south). 
0.8 38.2 SLOW. Prepare to turn right. 
0.1 38.3 STOP on shoulder at entrance to abandoned quarry on right. 
Stop 10. Abandoned quarry in the Waukesha Formation (middle Silurian) 
(NW 1/4 SW 1/4 SE 1/4, Sec. 20, T. 25 N., R. 6 E.). 
The Waukesha is the youngest Silurian formation that will be seen along 
the field trip. In the Mt. Carroll area, the Waukesha is approximately 50 feet 
thick and consists of tan, porous, finely crystalline, high purity dolomite. In 
exposures, it forms mostly massive ledges. The purity of the dolomite indicates 
that the shallow Silurian sea was very clear in the Mt. Carroll area. The environ-
ment was especially suitable for the growth of colonial corals which are abundant 
in the Waukesha. Specimens of Favosites (honey-comb coral), HalYsites (chain 
coral), Syringopora (organ-pipe coral) and other corals can be collected. Near 
the floor of the quarry, numerous internal casts of the large brachiopod Pentamerus 
oblongus make up most of the rock. Apparently for a time, conditions on the 
Silurian sea floor were ideal for the growth of these bi-valved animals. They 
seem to have covered the sea floor just as oyster colonies do in modern seas. 
This quarry is located just south of the axis of the syncline that 
parallels the Savanna Anticline (see itinerary map). · The strata are tilted gently 
upward to the south toward the axis of the anticline at an angle of about 1.5 
degrees. This slight dip is barely noticeable to the eye. However, a dip of 1.5 
degrees means that the strata will be raised 150 feet within a mile. The elevation 
of the bedrock surface here is 850 feet. Two miles to the south at the same 
elevation, the top of the Galena Dolomite forms the bedrock surface. In this 
short distance, the top of the Galena has been raised nearly 300 feet, illustrating 
the effects of uplift on the Savanna Anticline. 
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Dolomite is classed as high purity when it contains 3 percent or less 
insoluble material. High purity dolomite has many uses as an industrial mineral 
and is used in the production of metallic magnesium, the manufacture of refractories 
and refractory bricks for open hearth furnaces, and the manufacture of glass. It 
is also used as a flux in the smelting of iron ore, as agricultural limestone, as 
roadstone and railroad ballast, and as concrete aggregate. High purity dolomite 
is superior to limestones of the same purity for use as agricultural lime because 
it has greater acid neutralizing capacity. The dolomite quarried here was used 
locally as roadstone and agricultural l~estone. 
11 I thought you said the Silurian sea withdrew 400 million years ago! 11 
OWNERS OF PRIVATE PROPERTY FOR THE MT. CARROLL GEOLOGICAL SCIENCE FIELD TRIP 
Stop 1. Allan Becker, R. R. 2, Savanna, Illinois 61074. Lives on first farm 
north from the quarry on the right side (east) of road. 
Stop 2. George Fecke, R. R. 3, Mt. Carroll, Illinois 61053. Lives in house just 
to west and slightly north of quarry. 
Stops 4 and 6. Rein, Schultz, and Dahl, Inc., 6217 Nesbitt Road, Madison, Wisconsin 
53711. 
Stop 7. Heisler Gravel Company, R. R. 2, Mt. Carroll, Illinois 61053. 
Stop 9. Mrs. Delta Guentner, R. R. 2, Lanark, Illinois 61046. Lives in house at 
end of lane to west of exposure. 
Stop 10. Stanley Nesemeier, R. R. 2, Lanark, Illinois 61046. Lives on first road 
south of quarry and west of highway about 0.6 mile, first house on left~ 
END OF FIELD TRIP 
DRIVE CAREFULLY ON YOUR WAY HOME 
N 
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PREGLACIAL EROSIONAL HISTORY OF THE MT. CARROLL AREA 
The topography of the field trip area has had a long history of develop-
ment. Since the last Paleozoic sea withdrew at the end of the Pennsylvanian Period 
about 270 million years ago, the Upper Mississippi Valley region has remained a 
land area. During this long erosion interval many.hundreds of feet of Paleozoic 
strata have been stripped away. During the Pliocene Epoch between 11 and 1 million 
years ago, near the end of the Tertiary Period, the region was reduced to an 
erosional plain of very low relief known as the Dodgeville Peneplain. 
A peneplain is a land surface that has been worn down by stream erosion 
and mass wasting to a low, nearly featureless plain that gradually slopes upward 
from the sea. Such an erosion surface would require a very long time to develop 
and would be characterized by sluggish streams flowing in broad valleys. Bedrock 
structures, such as anticlines, would have no influence on the topography but would 
be uniformly beveled. 
After the Dodgeville Peneplain was formed, the region was uplifted and 
another partial peneplain called the Lancaster P·eneplain was eroded on the bedrock 
at a lower level. In the Driftless Area of Wisconsin, the Dodgeville surface is 
well preserved. In Illinois only remnants of the Dodgeville Peneplain are preserved 
in Jo Daviess County as isolated, flat-topped ridges and knobs of Silurian dolomite 
(fig. 12). When the tops of these Silurian flats are joined by an imaginary plane, 
a surface representing the former peneplain is formed that slopes gently southwest-
ward from about 1150 to 1000 feet above sea level. 
The Lancaster Peneplain, which occurs about 200 feet lower than the 
Dodgeville Peneplain, is extensively preserved on the bedrock surface of northern 
Illinois. It is well developed in the Driftless Area, and east of the Driftless 
Area it is a gently undulating surface covered by the glacial deposits. It closely 
coincides with the top of the Galena Dolomite and slopes southwestward from about 
950 to 800 feet above sea level. The Mt. Carroll area is at the southern edge of 
the Lancaster Peneplain. The peneplain bevels the bedrock structure on the Savanna 
Anticline, so that the surface occurs on the Galena Dolomite, the Maquoketa Shale, 
and the Silurian formations (fig. 12). The surface slopes southwestward from about 
925 to 850 feet at about 3 feet per mile in the Mt. Carroll Quadrangle. The 
Lancaster surface is evident by the evenness of the horizon toward the west, north 
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and east as seen from the vantage point a~ S.to~. 1. This even appearance of the 
skyline is c~used ,by the aaerging of near co.on s\.JJlijlit levels when viewed from a 
distance. \ : 
DEVELOrMENT OF THE PRESENT TOPOGRAPHY 
The present topography of the M~. Carroll area is the result of stream 
dissection of the Lancasttr Peneplain during the Pleistocene glaciations and modifi-
cation of the dissected surface by glacial deposits. The Driftless Area is more 
rugged than adjac~.nt ·area-s beealJa.e it was not glaciated. However, its mature topQS-
raphy is not a presl•cial erosion surface as formerly believed. It was also eroded 
during the Pleistocene, 
The relief of the bedrock surface is closely related to the establishment 
of the Mississipp~ Valley through the ~egion during the Nebraskan glaciation. Maxi• 
mum relief was probably developed durins ·the early part of the Kansan glaciation 
when the valle' was ~r~ded to ita maximum depth by Kansan meltwater. After that, 
the valley was alternat~ly acaraded by outwash and re-excavated during subsequent 
glacial and interg,l ·acial. tnterv•ls. ll\ the Mt. Carr.oll area, · till and outwash were 
deposited on the bedrock surface during the Illinoian glaciation. Loess was depos-
ited on the uplands ~~o~ahout the Upp~r Mississippi Valley region during the 
Wisconsinan slaetation. Deposition Qf a thick valley train in the M1ssissippi 
Valley during the l•te Wlaconsinan Woodfordian and Valderan glaciations aggraded 
the valley to a l~yel ap:ptox~ a·tely JO feet above its present floodplain. This also 
resulted in all\.lri:ation of tbe tributary valleys. During Recent time, since the 
last glacier melt.:~ away, the M1astssipp:l River and its tributaries have been 
deepening their va~l~ys in the Wiaeoneinan alluvial deposits. 
OltlGI!I OF MISSISSIPPI VALLEY 
The disc~ery by Su~vey g~olGgists of Nebraskan outwash hiil on the bluffs 
east of the Hissi.~·~pp1 Valley near East Dubuque is evidence that the river was 
probably not entre~~hed in it• pre$ent valley in the Mt. Carroll area until after 
the Nebraskan gla~~-t~on. These outwa•b deposits ~onsist of coarse gravel overlying 
lake sediments in ~atl, shallow cbanaels on the dolomite bedrock, 200 feet above 
the floodplain. th• po,itioa .of the valley f~em the vicinity of St. Paul, Minnesota, 
southward along the;\w~st st.de of the Drtftlees Area closely follows the margin of 
the Nebraskan glaei'~t deposits. Thus, it appears tba~ the position of the valley 
is the result of the Nebra•~·~ glaciation and was establtsbed as an ice marginal 
stream during th• ·~axiaum •~vanee of the ice. 
'\ 
> 
Just soutfi of Galena in Jo Davless County, the Mississippi Valley cuts 
through a procnineftt:·; ®rth•tacing es~artment of Silurian dolomite (fig. 13). The 
front of the eacaf,.ent stands about 200 feet above the level of the Lancaster 
Peneplain. This ~acar;.e.nt, o~ cuesta, is the erosional edge of the Silurian .dolo-
mite formations tha~ dtp Jently soutlwestward off the Wisconsin Dome. 
1 
At the be&tanina of the :tee Ase, the upper Mississippi Valley region of 
northwe&tetn 1111~1•, oortheastern Iowa and southwestern Wisconsin was a plain of 
low relief at the . ~vel .of the present uplands (Lancaster Peneplain). The Silurian 
Escar,pmel\t was a co~·tinuo~s divide extendiqs a~l'oss northwe•tern Jo Daviess County 
and into Iowa. Stfea~ flowe4 aorthw•rd and southward from the divide in broad, 
shallow valleys, biJb abQve tbe present drainage. There is no evidence that a major 
south-flowing stre~ existed in the Mt. Car~oll area, but several of the major 
0 
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Fig. 13 - Occurrences of Nebraskan drift and erratics in the Driftless Area in Illinois. 
tributaries to the Mississippi may follow courses that were established at that time. 
Farther south, an ancestral river, called the Ancient Iowa River, had its headwaters 
in east-central Iowa and followed the present course of the Mississippi Valley below 
Muscatine. 
With the advance of the Nebraskan glacier, the .first of the Pleistocene 
glaciers to invade the upper Mississippi Valley region, northward drainage was 
blocked and a meltwater lake formed behind the Silurian Escarpment, north of Galena. 
Fig. 14 - Major drain-
The meltwater eventually spilled over the divide at Galena and 
eroded a channel through the escarpment. The water then flowed 
southward and eroded a valley along the margin of the Nebraskan 
glacier. By the end of the Nebraskan glaciation, the Mississippi 
River had established its valley along the west side of the Drift-
less Area southward as far as Fulton in Whiteside County (fig. 14). 
From there, it followed a course southeastward to the present big 
bend of the Illinois Valley in Bureau County. The river then 
followed the present course of the Illinois Valley to its junction 
with the Ancient Iowa River at Grafton in Calhoun County. Except 
for a temporary westward diversion by the Illinoian glacier, the 
Ancient Mississippi followed its course from Fulton to the big 
bend and southward along Illinois Valley until the Wisconsinan 
glaciation. During the Woodfordian advance, the river was perma-
nently diverted westward where it assumed the valley of the 
Ancient Iowa River along the west side of Illinois, a course it 
still follows. Its former valley from Fulton to the big bend, 
known as Princeton Valley, was buried by Wisconsinan drift. 
.~ge in Illinois after 
the Nebraskan glacia-
tion. 
STAGE 
RECENT 
WISCONSINAN 
(4th glacial) 
SANGAMONIAN 
(3rd interglacial) 
ILLINOIAN 
( 3rd glacial) 
YARMOUTHIAN 
(2nd interglacial) 
TIME TABLE OF PLEISTOCENE GLACIATION 
(Illinois State Geological Survey, 1969) 
SUBSTAGE 
Years 
Before Present 
5,000 
Valderan 
11,000 
Twocreekan 
12,500 
Woodfordian 
22,000 
Farmdalian 
28,000 
Altonian 
50,000 
to 
70,000 
Buffalo Hart 
Jacksonville 
Lim an 
NATURE OF DEPOSITS 
Soil, youthful profile 
of weathering, lake and 
river deposits, dunes, 
peat 
Outwash 
Peat and alluvium 
Drift, loess, dunes, 
lake deposits 
Soil, silt, and peat 
Drift, loess 
Soil, mature profile 
of weathering 
Drift 
Drift 
Drift, loess 
Soil, mature profile 
of weathering 
SPECIAL FEATURES 
Outwash along 
Mississippi Valley 
Ice withdrawal, erosion 
Glaciation, building of 
many moraines as far 
south as Shelbyville, 
extensive valley trains, 
outwash plains, and lakes 
Ice withdrawal, weather-
ing, and erosion 
Glaciation in northern 
Illinois, valley trains 
along major rivers, 
Winnebago drift 
Glaciers from northeast 
at maximum reached 
Mississippi River and 
nearly to southern tip 
of Illinois 
---------+------------+- -· -·-·---- - -- -· ---1f--- -----------Glaciers from northeast 
and northwest covered 
( 
( 
( 
KANSAN 
2nd glacial) 
Drift 
Loess much of state 
--------+-- - --- -···- - - -· --- ···- -- ---- -+-------------
AFTONIAN 
1st interglacial) 
·--· 
·- ···- f--· 
NEBRASKAN 
ls t glacial) 
Soil, mature profile 
of weathering 
Drift 
Glaciers from northwest 
invaded western Illinois 
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